Purpose -This study aims to aid theory building, the use of decision theory (DT) concepts in sustainable supply chain management (SSCM) research is examined. Design/methodology/approach -An abductive approach considers two DT concepts, Snowden's Cynefin framework for sense-making and Keeney's value-focussed decision analysis, in a systematic literature review of 160 peer-reviewed papers in English. Findings -Around 60 per cent of the papers on decision-making in SSCM come from operational research (OR), which makes explicit use of DT. These are almost all normative and rationalist and focussed on structured decision contexts. Some exceptions seek to address unstructured decision contexts via Complex Adaptive Systems or Soft Systems Methodology. Meanwhile, a second set, around 16 per cent, comes from business ethics and are empirical, behavioural decision research. Although this set does not explicitly refer to DT, the empirical evidence here supports Keeney's value-focussed analysis. Research limitations/implications -There is potential for theory building in SSCM using DT, but the research only addresses SSCM research (including corporate responsibility and ethics) and not DT in SCM or wider sustainable development research. Practical implications -Use of particular decision analysis methods for SSCM may be improved by better understanding different decision contexts.
Introduction: sustainable supply chain management, from why to how
Sustainable development has gained an increasingly mainstream profile in recent years. Some 25 years after the definition in Brundtland (1987) , many businesses accept it as a board-level concern (Haanaes et al., 2011) . This prompts questions about how sustainability should be put into practice. In other words, how it should be incorporated into strategic and operational levels of management decision-making. Internally to an organisation, this is studied as "sustainable operations management" , and externally to an organisation, the impacts associated with the value chain and supply network are studied by "sustainable supply chain management" (SSCM) (Carter and Rogers, 2008; Lamming and Hampson, 1996) .
While Supply Chain Management: An International Journal recently published the special issue on "Measuring and Managing Sustainability Performance in Supply Chains" (Vol. 19, No. 3), and previously, "Decision Making and Analysis within Supply Chains" (Vol. 15, No. 4) , this research seeks to bring the two topics closer together. How sustainability is variously defined and perceived in strategic
The current issue and full text archive of this journal is available at www.emeraldinsight.com/1359-8546.htm and operational terms, both internally and externally, are important considerations for implementing SSCM. As shown by Hassini et al. (2012) , a wide range of social and environmental metrics are used by organisations, reflecting the breadth of topics sustainability can encompass in different organisations. Although grounded theory research from Pagell and Wu (2009) and Wu and Pagell (2011) has begun to explore the subject of decision-making in SSCM via empirical case study research, this has not done so with explicit reference to decision theory (DT). Similarly, SCM research that does address contemporary DT such as Wong and Acur (2010) does not consider characteristics central to SSCM.
DT directly relates to many concepts mentioned in SSCM research. Requirements for successful SSCM include organisational culture, strategy, risk management and transparency (Carter and Rogers, 2008) , all of which affect the nature of decision-making. Meanwhile, challenges to successful SSCM include uncertainty, complexity, operationalisation, cost and mindset and cultural change (Abbasi and Nilsson, 2012) . Collaboration is a key driver, so inter-firm decision-making processes are important (Gimenez and Tachizawa, 2012) . While various papers focus on modelling SSCM criteria using operational research (OR) decision analysis (Bloemhof-Ruwaard et al., 1995; Seuring, 2013) , these represent one particular branch of the wider subject of DT.
As such, there appears to be a gap around the detailed discussion of DT in existing SSCM research. Hence, there is an opportunity for a systematic review to see what references have been made across a broad spectrum of DT and from this seek to build theory for SSCM. The research conducted here therefore seeks to answer the specific question:
How is the subject of decision-making addressed in academic research on sustainable supply chains?
Decision-making in SSCM is explored using the comprehensive overview of DT provided by French et al. (2009) . As far as we are aware, DT has not been adopted in any previous literature reviews of SSCM. An abductive approach (Dubois and Gadde, 2002; Kovács and Spens, 2005 ) is taken to address both the theoretical foundation offered, and also to identify how well references to decision-making in SSCM literature fit with particular DT typologies and other related concepts. Results are classified using two aspects of DT. First, Snowden's Cynefin framework for sense-making (Kurtz and Snowden, 2003) provides a typology based on the structural context of the SSCM decision.
Second, Keeney's distinction between alternative-focussed decision-making and value-focussed decision-making is considered (Keeney, 1996) . Papers are also assessed for their level of analysis: dyadic, triadic, multi-tier or whole network.
The structure of the paper is as follows. The next section describes DT and different applications. Then, the research method of systematic literature review and the research protocol adopted are outlined. The results of the search and basic analysis are presented, followed by a discussion of the findings. Finally, conclusions are drawn, with implications for management practice and further academic research. French et al. (2009) explain the historic evolution of DT in management, the basic toolkit of DT and where different tools are appropriate to improve decision-making. These include individual and group decisions, "decision tables" showing different options and their known consequences, "decision trees" that show how particular options open up others, and "influence diagrams" that show conditional dependency or independency. Further techniques include Analytic Hierarchy Process (AHP) and Multiple-Criteria Decision Analysis (MCDA), which concern the weighing of options to reveal the significance of different choices. Analytic Network Process (ANP) concerns how such factors may affect each other. Multiple Integer Linear Programming (MILP) determines optimum outputs by analysing relationships between many variables. Use of these tools has benefited greatly from progress in computing power and they have become a standard part of the operations of many organisations. However, although potentially providing valuable insight, additional factors to consider include the accuracy of the underlying assumptions and data and issues around implementation.
An overview of DT: rational and behavioural analyses
One of the seminal works of DT in management is Simon (1960) , which introduces the concept of "bounded rationality". As described by French et al. (2009) , this can be seen as initiating a new branch in DT. While the incumbent rational approach to management decision-making was normative, explaining how we ought to best make decisions (central to the traditional field of OR), Simon (1960) began exploring the behavioural branch, exploring how decisions are made in reality. This is a major research topic in psychology and political science.
As Simon (1960) explains, under classical economic theory agents are assumed to act in a rational way and options are prioritised according to what the expected utility, or benefits, are. This is called the Subjective Expected Utility model. Traditional OR applies such economic modelling to sophisticated problems of management and operations in a scientific way, seeking optimal solutions. According to French et al. (2009, p. 141) , this tradition started to change in the 1980s and 1990s with the rise of "Soft OR", but "Hard OR" still dominates the field today.
In contrast to the strictly rational view of OR, bounded rationality describes how people are limited in their logical reasoning capabilities and subject to various biases in perception. These include "issue framing", "evaluation", "perception of risk and probability", "institutional pressure" and "heuristic short-cuts". The formal study of these is called behavioural decision analysis. For example, Statman and Caldwell (1987) show how political pressures can over-ride rational analysis in disinvestment decisions. Evidence from the disc-drive industry showed how non-rational behavioural factors could bring down whole companies.
Also, "prospect theory" shows that when things are going badly people's aversion to risk goes down, so they make riskier decisions. Under conditions of stress, our decision-making capability can thus become impaired and so emotional states are as significant as rational capability. A detailed account of the effect of this in the 2008 financial crash is provided by Tett (2009) . French et al. (2009) explain how the rational normative branch and behavioural empirical branch can be brought together using what they call "prescriptive decision analysis". This considers contextual bias facing a specific decision-maker alongside rational decision processes so as to counter cognitive limitations and biases. However, it must be remembered that all such techniques are merely "decision support systems" to help inform the judgement of a decision-maker. Responsibility for taking a decision must remain with the individual or group holding authority. Decision models are, to quote Pidd:
[. . .] tools for thinking [. . .] ad hoc exploratory devices for reflection before action [. . .] A model intended as a tool for thinking needs to be adequate for the task, and it must be skilfully used if the task is to be done well (Pidd, 1999, p. 120) .
As noted by Simon (1960) , and further explored by Mintzberg (1972a Mintzberg ( , 1972b and Jaques (1989) , there is a link between organisational hierarchy and the characteristics of decisions. Strategic decisions tend to be unstructured, having to consider multiple factors, uncertainty and change ( Figure 1 ). Strategic decisions are longer-term, so it may take time before success is apparent. They are important, have a low frequency or are unique and non-repeating and thus are unstructured. In contrast, operational decisions are more definable, stable or structured and, thus, amenable to programming. Corporate strategy is about setting long-term goals, while the tactical and operational level does the detailed work to try to meet those goals. Less quantitative, predictive and more general management models may be used to aid unstructured decision problems. Porter's Five Forces, for instance, is fundamentally a decision model operating in the "unstructured domain" of corporate strategy (French et al., 2009; Porter, 1985) , where indicative rather than necessarily quantifiable outputs aid decision-making. Stakeholder analysis is another where, for instance, Mitchell et al. (1997) describe the identification of various parties who can influence organisational strategy to decide which are the most significant.
In contrast, in OR the use of sophisticated rational normative decision tools allows comparison of many different options or different objectives, provided that the problem is structured, and the variables can be accurately coded and analysed. While AHP, ANP, MCDA and MILP (see definitions above) all require structured decision problems, recent developments suggest greater degrees of ability in working with unstructured contexts. These include "Expert Systems", "Artificial Intelligence", "Artificial Neural Networks" and "Genetic Algorithms". However, these are still best suited to dealing with structured problems where all relevant factors can be easily coded and have attributes that are unambiguous, comprehensive, understandable and operational (Dekker et al., 2012; French et al., 2009; Keeney and Gregory, 2005) .
Similarly, recent SCM research into Complex Adaptive Systems (Bellamy and Basole, 2013; Breite and Koskinen, 2014; Che et al., 2010; Pathak et al., 2014) or use of fuzzy logic, rough set theory or grey systems Sarkis, 2010a, 2010b) seek new approaches to structured and unstructured contexts. A key question is to what extent they deal with specific "knowns" (such as level of probability or uncertainty as to precise levels of a variable) to impose a form of structure on unstructured contexts. Such developments show a need for greater understanding of the underlying theoretical foundations at work and how these relate to sustainability.
Systems Theory provides one such foundation, with structured decision contexts equivalent to "closed systems" (Checkland, 1972 (Checkland, , 1983 . Assuming the structure of the system is stable, if the key attributes are known and measurable, then a predictive OR model can be generated, enabling the comparison of various alternative options so preferred outputs can be calculated and put into practice (Dekker et al., 2012) . However, in SSCM, management decisions may be characterised by multiple stakeholders, multiple criteria and uncertainty as to present or future circumstances, as well as having strategic significance, and hence are complex and unstructured (Büyüközkan and Çifçi, 2012; French and Geldermann, 2005) .
Snowden's Cynefin framework and Keeney's valuefocussed analysis
A further recent addition to the DT canon, building on mathematical theories of complex and chaotic systems, is the Cynefin framework (Kurtz and Snowden, 2003; Snowden, 2002; Snowden and Boone, 2007) , shown in Figure 2 . This is a knowledge management sense-making framework that provides a typology distinguishing between structured and · Number 5/6 · 2014 · 504 -522 unstructured decision contexts. The structured domain is stable and ordered, where cause and effect can be determined. The simple, "known" domain includes standard operating procedures, but in the complicated, "knowable" domain cause and effect are not readily apparent. However, they can be determined by expert analysis and so are separated by time. This is the realm of classical economics, traditional OR and System Dynamics. Against this are set the unstructured, complex and chaotic contexts. In the complex domain there are many inter-relating influences but order is emergent. It is a decision context characterised by inherent uncertainty but patterns do appear. This order is not quantifiably predictable in advance, but cause and effect can be determined in retrospect. Finally, the chaotic realm is also unstructured, but there is no emergent order. Snowden and Boone (2007) discuss the management implications of each decision context. Faced with a chaotic environment, leaders may seek to impose order, set a direction for travel with a hand on the tiller, or simply wait for the system context to stabilise back into one of the other realms. This correlates to the strategic domain of decision-making, where behavioural instinct and long-term strategic vision and guiding values can be more practical than rational analysis.
The Cynefin framework provides a pragmatic overview that reminds us that when facing a decision, we must be mindful that the type of decision context has a major influence on how it should be approached. As a knowledge management tool, it assists in prescriptive decision-making (French, 2012; French et al., 2009) . We adopt the Cynefin framework as a typology against which to consider the types of decision-making discussed in SSCM research papers.
We also consider the literature from the perspective of Keeney's values-focussed thinking, which is an additional way of addressing both unstructured contexts and structured, complicated contexts that are prohibitively expensive to solve. As this is based on alignment to principles and objectives, rather than choosing between alternatives, it provides a way to better understand the role of values in business sustainability, and a means to build theory around decision-making. It is a form of decision-making heuristic, also known as a "rule of thumb" or "principle-based" rather than "rule-based" decision tool. Keeney (1996) suggests that organisations that adopt clear values are able to respond better to strategic issues, especially under conditions of uncertainty, than those reliant on alternatives-focussed decision-making, which relies on clearly defined attributes. Values shape the acceptable end-states or objectives the decision-maker seeks, without creating a structured set of rules:
Conventional approaches to decision making focus on alternatives. However, alternatives are relevant only because they are means to achieve values. Therefore, thinking about decision situations should begin with values. Value-focused thinking describes and illustrates concepts and procedures for creating better alternatives for your decision problems, identifying decision opportunities more appealing than the decision problems that confront you, and articulating and using your fundamental values to guide and integrate your decision making activities Keeney (1996, p. 537 ).
The best thing for an organisation to do is to invest in developing a clear understanding of its strategic objectives and values. Alternatives can then be compared against these and if necessary all can be rejected and different approaches sought. So, in summary, Keeney (1996) provides a heuristic method for addressing difficult decisions, and contemporary Systems Theory offers a means to understand the nature of those decisions, as described using the Cynefin framework. Figure 2 shows the link between decision-making, decision context and organisational structure. Keeney shows that an alternatives-focus may be sufficient in the structured domains, but values-focus may be effective in the unstructured domains or in the structured complicated domain if the cost of analysis is prohibitive. Structured decisions, where the alternativesfocus applies, benefit from clearly defined, unambiguous attributes (Keeney and Gregory, 2005) and so, as shown in Figure 4 , metrics and reporting standards are relevant for SSCM Number 5/6 · 2014 · 504 -522 decisions in this space. However, if the decisions are unstructured, guiding principles or values may apply, so organisational culture and leadership become highly significant for SSCM. The conceptual model in Figure 4 is discussed in more detail in Section 6, below. The next sections explore the extent to which Snowden's and Keeney's DT concepts are reflected within SSCM research on decision-making.
Research method: systematic literature review
The research adopts the systematic literature review method of Tranfield et al. (2003) . This takes the rigorous approach to literature reviews developed in medical research and applies it to management research. It aims at a peer-reviewed, well recorded and thus replicable process to help achieve comprehensive coverage, relevance to practice and the removal of researcher bias possible with narrative literature reviews. Once the need for a review is identified, a research protocol is defined and recorded, search strings established, selection and de-selection criteria defined, and then selected papers assessed and outputs synthesised. Finally, the process considers the relevance to particular problems, treating management issues as fundamentally about practical application, as medical research is.
The planning for the review involved the assembling of an expert panel of six people, three academics experienced in OR, OM and SCM and three practitioners working in sustainable business and SCM. The panel advised on the overall research design and choice of search terms, and consultation on the initial proposal led to revisions. A scoping study was conducted, with a smaller set of search terms and only a single database queried. The results helped to further refine the final literature review process. In particular, certain search terms were added or dropped depending on the nature of the results provided. This is described in more detail in the paragraphs below. In line with Tranfield et al. (2003) , the Research Protocol is detailed in Table I to allow other researchers to replicate the review process.
The scoping study showed, first, that in addition to the use of the term "Sustainable Supply Chain Management", there are also a range of broadly synonymous terms used by different scholars. These include "Green Supply Chain Management" (GSCM), "Environmental Purchasing and Supplier Management" (EPSM), "Sustainable Supply Chain
Governance" (SSCG), "Corporate Social Responsibility (CSR) and Purchasing" and "Supply Chain Management Ethics" (SCM-Ethics). Hence, a wider range of search terms was included. These reflect the use of the words "green" or "ecological" to refer to environmental sustainability, the words "responsible/responsibility" for corporate social responsibility and "ethics/ethical" to capture social sustainability, plus the "triple bottom line" as a common business phrase related to Sustainable Development.
Second, the scoping study found that although the topic was primarily discussed in operations management journals, there was also relevant research published in corporate responsibility, business ethics, strategy and general management journals, as well as sector-specific journals. Given that SSCM is a relevant topic of concern for a range of academic disciplines, and is also a recent area of research, relevant and high-quality evidence and theory may be found in papers outside of any specific field. Hence, this research does not select on the basis of journal titles. Figure 3 shows the focus of this research as the overlap between three distinct topics. SCM is a significant field in business and management scholarship that has been growing over the last thirty years or so. Sustainable Development is a separate topic growing from environmental science and political studies, international development and ethics. Where these two overlap, we find the study of SSCM and similar related terms such as environmental purchasing or ethical procurement. A lack of categorical definition is common in young areas of study. Third, we have decision-making, which is labelled as such to capture empirical papers examining decision-making that do not explicitly relate to DT, such as Pagell and Wu (2009) .
Defining the field of study
Although the specific area of focus is Section G, the search terms used captured a wealth of interesting papers in Sections D, E and F. These were excluded from the main results though would be areas worth exploring in future research. Finally, there is, of course, a substantial range of research which although relating to only one of the areas of supply chains, sustainability or decision-making (Sections A, B and C), may contribute further insight into the topic of SSCM and DT. These are also outside the scope of this study but could be investigated by future research.
A further point in relation to the plurality of terms directly relevant to SSCM, including the terms "Corporate Social Responsibility" (CSR) and "Ethics", is that "Sustainable Development" is not a categorical or coherent field. Criticisms of the definition and evolution of the Sustainable Development concept, such as Littig and Griessler (2005) or Robinson (2012) , point to an enthusiasm for the term that exceeds the robustness of its theoretical foundations. The meaning of social sustainability is a particular aspect of this, where it can be taken as linked to human rights, and thus to business ethics. Hence, there is far more conceptual depth here than implied by Section B of Figure 3 .
However, there is a relatively small volume of research contained in the overlap between decision-making, supply chains and ethics, plus CSR, plus sustainability; and there is a clear link between ethics, CSR and sustainability, so these are treated as analogous here. This helps create an interdisciplinary frame of reference regarding decision-making that is missing from reviews such as Seuring (2013) , and a broader more holistic frame regarding sustainability that is missing from OR papers that address only a single environmental metric, such as carbon emissions, alongside conventional economic optimisation. Ethical decision-making has its own set of distinct associations and a rich discourse independent of DT, notably in marketing, psychology, corporate governance and leadership studies. However, this is also excluded from the scope of this study.
For the sake of repeatability, under the requirements of the systematic review process (Tranfield et al., 2003) , everything that passes the selection criteria is included here. The result is a selection that although systematic, is somewhat eclectic. This is potentially serendipitous. SSCM is revealed as a classic messy problem (Mackenzie et al., 2006; Rittel and Webber, 1973) . As shown by Chicksand et al. (2012) , SCM lacks coherence necessary for it to be a scientific discipline. Extending its range of concern into social and environmental factors inherently entails bringing in additional perspectives, including ones of political value judgements, which although directly relevant, produce further plurality and heterogeneity. Such a non-partisan perspective to the literature is interdisciplinary and, as discussed in Tranfield et al. (2003) and Denyer et al. (2008) , this increases the opportunities for synthesis to occur, and thus the potential for creative solutions and new theory to emerge. As discussed in Section 2, above, the lenses applied for such theory building here are Kurtz and Snowden (2003) and Keeney (1996) .
Basic findings and analysis

Categorisation by journal title and Association of Business Schools rank
Applying the systematic literature review Research Protocol shown in Table I yielded 1,069 papers, of which 160 were deemed relevant and given detailed review (909 were therefore deselected as non-relevant, according to the protocol in Table I ). The first stage of analysis is to look at where these papers are published. Table II shows the number of papers in journal titles that are included in the UK Association of Business Schools (ABS) Journal list and their ABS ranking (Harvey et al., 2011) . This is used as a measure of journal quality in the UK, but does not necessarily include journals in other relevant fields, such as engineering, computing or political science. The highest level of the ranking system is 4, representing work of world-leading quality. Rank 3 is ABI/Inform Global (Proquest) and Scopus: These two databases cover a wide range of peer-reviewed academic publications. The initial use of ABI-Inform (more than 3700 titles) was found to exclude some key journals so Scopus (with more than 20,000 titles) was added to provide a comprehensive review Publication type:
Peer-reviewed papers only: These represent work at a final stage of completion. ABS-listed journals and their rankings are provided in Table II and non-ABS journals in Table III  Language: English-only: This provides wide coverage, and there was no translation capacity Date range:
No limit is set on date range, but no papers were found before the 1980s. The final updated set of data for the review was compiled in September 2013, so papers published after this date are not included. Exact repetition of this research should set September 2013 as the upper limit Search fields:
Search terms were applied to Titles, Abstracts and Keywords only Search terms:
The primary search terms are the word "Decision", plus synonyms for "sustainability" and "supply chain" (as described in the main text and below). The scoping study found that all papers covering an aspect of DT, e.g. MCDA, used the word "decision" at some point in the abstract if not in the title. Other papers referring to findings being "of value to management decision-making" were also captured even if this made no mention of DT. Empirical papers investigating decision making were also captured. Search term strings relating to Sustainable Supply Chain Management and various synonyms were created, as follows: Search strings used: 1: "Decision" AND "SSCM" 2: "Decision" AND "Supply OR Supplier" AND ("green" OR "sustainab ‫ء‬ " OR ethic ‫ء‬ OR responsib ‫ء‬ OR "triple bottom line" OR "ecol ‫ء‬ ")
The word "environment" was excluded as a search term as the scoping study found a very large number of non-relevant returns. The words "purchasing" and "procurement" were also excluded due to no papers being found from these terms that were not already found using "supply" or variants of, and high returns in the marketing and public sector fields, respectively. Similarly, the word "eco" was excluded as no papers were picked up that were not already found by the terms "ecol ‫ء‬ ", "green" or "sustainab ‫ء‬ " but a high number of non-relevant returns were captured The above search strings were input into each database and the results then combined in a spreadsheet and duplications eliminated Deselection criteria #1: Semantic relevance
The primary deselection criterion is relevance to the research topic. This mainly deselects because a specific word has different meanings based on context. For instance, "sustainable" and "supply" captures papers referring to sustainability in energy supply, water supply, and even supply of finance. As decision analysis techniques are commonly used in environmental resource management, e.g. water management and energy provision, there were many such papers deemed non-relevant to SCM/SSCM Deselection criteria #2: Relevance to the research problem Secondary de-selection criterion is relevance to the research question. Some are clearly directly relevant either from the title or the abstract. For the others, the full text was reviewed to determine relevance. For example, some papers mention the supply chain within a list of different functions of a business, but do not say anything more. Similarly, some papers mention "decision-making" in passing, in particular as a potential implication of a piece of information determined by a paper, but are not primarily about decision making. Selected papers are those that describe decision-making processes relating to sustainability and suppliers in detail defined as providing original, well-executed and well-regarded research. Ranks 1 and 2 are seen as providing original research of a recognised and acceptable standard, respectively (Harvey et al., 2011) . A total of 41 ABS-listed titles are found, containing 103 papers.
An assessment of the quality of non-ABS ranked journals is not included here. It is left up to readers to determine the quality or relevance of papers published in non-ABS ranked journals. However, as these include sector-specific journals or non-business and management journals that nevertheless may provide high-quality useful research, they are all included. This approach acknowledges the multi-disciplinary nature of SSCM as a research topic and the variety of scholars considering it. There are 43 non-ABS listed journals found, containing a total of 57 papers.
Categorisation of papers
Four levels of categorisation from the systematic literature review are included. First, is a listing of papers by the type of decision conducted (Table IV) . This may be of benefit to researchers interested in particular SSCM decision types, but these are only selections from the data set and not comprehensive accounts of such types of decision. Second, the papers are classified based on the type of research and decision-making method. This divides the set between normative rational studies and empirical behavioural studies. These are also classified according to their academic subject areas, notably the OR branch and Business Ethics branch. Some normative studies describe the logic of a modelling process then seek to validate it through application to a single case study. These are not classified as primarily empirical studies. Pagell and Wu (2009) , in contrast, explores how practitioners address uncertainty in their SSCM decision-making processes, and so is an example of primarily empirical research. In addition, there are a small number of general reviews or conceptual papers that concern SSCM decision-making, which are classified as miscellaneous. From the 160 papers, exactly 100 are classified as OR, of which 97 are normative rational decision models, with three papers providing literature reviews, so classified as general. Eighteen papers are from Business Ethics, seven of which are empirical behavioural studies, seven are normative rational models and the remaining four are classed as general. A further 41 papers are classified as Others, consisting largely of Operations Management or Supply Chain Management research. Of these, 20 papers are empirical behavioural decision research, 6 are normative rational decision models and 15 are classed as general. See Table V . One paper is classified as an exception, and this is Hirsch and Meyer (2010) , which deliberately unites the OR and ethical decision analysis branches. This is discussed in Section 5 below.
Third, papers are classified according to the level of analysis. Table IV shows the main SSCM decision areas, and the level of analysis directly follows from these. Some papers, such as on supplier selection, are wholly concerned with Tier 1 links only. Here decision problems are modelled to include sustainability criteria alongside conventional SCM criteria. These papers are dyadic, but they are in the minority. Papers concerning triads or multiple tiers are also present across the topics, but are also a minority of the total. By far, the majority of papers (more than 50 per cent) are those that are concerned with the whole network level. In particular, papers examining life cycle analysis, closed loop and multi-tier network design are concerned with the extended and ultimate supply chains beyond the first tier.
This whole network approach is central to understanding environmental and social impacts further up-or downstream of the first tier. This might be thought of as a society-centric perspective, concerned with more than just the economic objectives of the focal firm. In contrast, supplier selection is fundamentally an issue of best achieving the objectives of a focal firm, and hence can be thought of as a firm-centric topic. This divide is mentioned in Cohen and Kunreuther (2007) in the context of the work of Kleindorfer, covering both macro-level environmental issues and micro-level implementation, echoing the divide between firm-centric approaches to SSCM seen in Carter and Rogers (2008) and the society-centric approach discussed in Pagell and Shevchenko (2013) , the wider critique of corporate sustainability in Whiteman et al. (2012) and of the role of civil society in Lepineux (2005) . A further example is seen in Reuter et al. (2012) , identifying public-vs shareholder-orientation.
Finally, the papers are classified in relation to the decision contexts of the Cynefin framework. It is important to note that Kurtz and Snowden (2003) emphasise that Cynefin is a sense-making framework that should vary for each individual context in which it is applied, and that categorisation is a method only applicable to structured decision contexts. In this research, it is assumed that the results of the systematic literature review provide a closed set of structured data that is amenable to classification. This is, arguably, a simplification heuristic for the sake of theoretical exploration.
Of the 160 papers, some could be readily classified by title alone due to explicit mention of a familiar decision analysis method which clearly related to a specific decision context. Where this was not possible, papers were read in detail to enable classification.
The classification based on the Cynefin framework links the structural nature of the decision context to the type of decision-making method applied. This looks at the extent to which the decision context is structured or unstructured, is about bureaucratic process, complicated analysis, complex emergence or inherent unpredictability. These classifications are discussed in the following section.
As shown in Table VI , of 160 papers, exactly 100 are classified as concerning structured complicated decision contexts. Note that these are not the same 100 papers classified as OR in Table V . This category clearly dominates the research set. However, the unstructured complex domain is discussed in a small number of six papers in OR, and a further 4four papers classed as Others, making 10 in total.
The structured simple domain includes papers that concern decisions relating to metrics and standards for SSCM. This includes zero papers from OR, no doubt because OR by definition is concerned with analysing complicated sets of variables, again, explaining the vast majority of papers being in the structured, complicated domain. A further nine papers in the structured, simple domain are classified in non-OR topics. (2007), Hsu (2010a, 2010b) , Beamon and Fernandes (2004) Finally, there is the unstructured, chaotic domain. Here, no papers explicitly refer to this, but a number of empirical papers refer to means by which managers use simplification heuristics to deal with uncertainty (Pagell and Wu (2009); Wu and Pagell (2011)) or unmanageably large datasets (McIntyre et al., 1998; Kalleitner-Huber et al., 2012) . These are means to move a decision context toward simplicity, which Snowden and Boone (2007) say is an action that may be taken in the chaotic domain. In contrast, one empirical paper in business ethics, (Kalshoven and Meijboom, 2013 ) examines eco-labelling in the fishing industry and finds it unable to assist in the complex decisions the sector faces. This suggests that the simple structured response of product labelling is an insufficient response. The paper concludes, "in order to move forward, the sector needs to further reflect and elaborate on its core values." This echoes the recommendations of Keeney (1996) . Values, mindset, organisational culture and orientations to stakeholders or investors are a common theme across a number of papers. These papers do not fit readily into the discussion of the Cynefin framework domains and so form part of the final set of papers in Table VI , which are those left unclassified. (An additional exception is a single paper, Hirsch and Meyer, 2010 , that is clearly both OR and business ethics, which arguably belongs in the structured complicated set but is excluded due to its deliberately hybrid academic subject). Also, a like-for-like correlation with the Cynefin domains and value-focussed analysis is not possible. Whereas OR is centrally about attributes and as such is clearly identified within Cynefin's structured, complicated domain, value-focussed analysis is a potential means for addressing all forms of decision context, and as such does not reside within a single domain. Further discussion continues in the following section.
Discussion of SSCM decision literature
This discussion section briefly covers the four Cynefin domains and then Keeney's value-focussed decision analysis, before drawing concluding comments regarding theory building in SSCM. Wu and Pagell (2011) describe these heuristics as "guiding principles" or "technical standards" which although not providing categorical prediction and proof, give enough of a guide to enable effective decision-making.
SSCM research dealing with structured decision contexts
Outside of this systematic literature review, Hassini et al. (2012) record a vast number of metrics used for SSCM issues. These range from "volume of pollutant discharged to a water course" to "level of investment in community development projects". Alongside French and Geldermann (2005) , which points to the prevalence of multiple variables in sustainability, this shows that simple bureaucratic responses are often insufficient. Instead, as discussed further in French et al. (2009) and French (2012) , the different domains of the Cynefin framework show that different decision contexts need different decision methods.
Many papers found by this review address structured complicated problems using a wide range of OR methods. These range from OR applied to SSCM as a means to reduce waste, such as Everingham et al. (2008) . Some add an environmental factor to a conventional quality, quantity or price model. Carbon dioxide is one such factor, not least, as it is a measure of pollution under increasing regulatory scrutiny (Chaabane et al., 2011; Choi, 2013; Harris et al., 2011; Jaegler and Burlat, 2012) . Other regulatory factors include the European Union Waste Electrical and Electronic Equipment directive (Quariguasi Frota Neto et al., 2010) . Aspects of supply chain structure are also discussed by using models to determine optimum outputs. For instance, Swami and Shah (2012) show optimum results from supply chain co-ordination and co-operation; Cruz and Wakolbinger (2008) compute optimum production outputs, given different levels of investment in CSR; Oglethorpe (2010) seek optimal outcome given different end results desired by multiple stakeholders. The more variables needed, the more complicated the decision context is and so more sophisticated decision analysis process is required. Various SSCM papers using MCDA (Wang and Chan, 2013) , MILP (Metta and Badurdeen, 2013; Ramezani et al., 2013) or ANP (Hsu and Hu, 2009; Sarkis, 1998; Zanoni and Zavanella, 2012; Zhu et al., 2010) point to this.
A number of OR papers use fuzzy logic, grey sets or stochastic modelling as mathematical means to address uncertainty. However, some of this serves to accommodate uncertainty within a structured model. It is not the same as addressing the unstructured complex domain approaches such as Complex Adaptive Systems, agent-based modelling and network analysis or unstructured interpretive approaches such as Soft Systems Methodology.
Supply chain decisions in unstructured contexts
Assuming that SSCM metrics are easily modelled and a regulatory bureaucracy can be enforced does not address the potential for unstructured decision contexts in SSCM. As noted in Sarkis (2003) , establishing robust metrics and a realistic model can be prohibitively expensive, and thus may only apply to very large investment decision that warrant the effort. Similarly, products may change faster than the process of recording key attributes and then modelling them, rendering the process ineffective. One of the papers found by this review, Higgins et al. (2009) , focuses on how OR techniques have failed when applied to sustainability and resilience of agricultural value chains. Farmers face inherent levels of unpredictability in their productivity as a result of dependence on the weather. Such factors are less common in the more controlled context of manufacturing where OR is more appropriate. Instead, Higgins proposes using the analytical methods of Complex Adaptive Systems theory. Other sectors significantly affected by weather include shipping and construction.
A small number of other papers addressing the unstructured complex domain in SSCM research include Halog and Manik (2011) using systems theory for stakeholder analysis and life cycle analysis, Giannakis and Louis (2011) using multi-agent modelling to mitigate risk, Fritz and Schiefer (2009) on deadlocks between firm level, sector level and policy level interests due to complexity, Vurro et al. (2009) on how centrality in a network influences collaboration, Tyler et al. (2006) on barriers to sustainability in textile and fashion sectors and Tavella and Hjortsø (2012) on Soft Systems Methodology in retail. Further relevant conceptual discussion is seen in Cohen and Kunreuther (2007) , addressing the legacy of Paul Kleindorfer in environmental and risk management, and in Cabral et al. (2012) , where balancing the needs of lean, agile, resilient and green in SCM is described as, "a complex problem, involving dependencies and feedbacks."
The unstructured, chaotic domain of the Cynefin framework is characterised by high levels of uncertainty and by significant, unpredictable change or disruption. This is clearly a topic of interest to SCM and SSCM and discussed in papers on supply chain risk and resilience, such as Harland et al. (2003) or Sheffi and Rice (2005) . However, such papers do not address supply chain risk with reference to both decision-making and sustainability and so have not been included in this systematic review. Given the relative youth of SSCM as a research topic, although research has started to investigate the non-linear mathematics of chaos in SCM, such as Wang et al. (2012a) , it has not yet been applied to SSCM and so is under-represented. Hence, the main way in which the unstructured, chaotic domain may be represented in SSCM research is in relation to simplification heuristics (Pagell and Wu, 2009; Wu and Pagell, 2011) which suggest the use of value-focussed decision analysis.
A further example of the significance of the unstructured domain is seen in Lawrence et al. (2002) . This shows that improvements in environmental performance cannot be achieved unless the use of sustainability metrics in environmental decision-making are also integrated into strategic management decision-making. Under the perspective of the Cynefin framework, this means considering how structured, bureaucratic metrics for SSCM relate to the unstructured problem context of high-level corporate strategy.
As discussed in Snowden and Boone (2007) , individual or organisational mindsets regarding each domain have a powerful influence, and this is reflected in organisational culture. Bureaucrats and bureaucratic organisations tend to approach decision problems from the perspective of the simple domain, professional analysts, including management consultants, approach problems from the perspective of the complicated domain. The complex domain is how practitioners of stakeholder engagement proceed, where consensus and dialogue is sought, respecting of individual points of view. Choi et al. (2001) , apply this to SCM, surrendering the traditional mindset of a commandand-control supply chain and instead letting order emerge through mutual self-interest. Finally, the chaotic domain may be favoured by authoritarians as grounds for the imposition of order and control, bringing the context back into the structured and simple domain. The dynamic nature of these transitions and the link to cognition are detailed in Snowden (2002) and Snowden and Boone (2007) . For SSCM, existing research is divided between that which assumes decision problems are structured (including the conventional OR, systems dynamics set) and that which assumes it is unstructured (including the Complex Adaptive Systems set). A further finding of the research that is uniquely relevant to the sustainability question is now described.
Ethical decision-making research, values and SSCM
As discussed by Tranfield et al. (2003) , systematic literature review provides an opportunity for cross-disciplinary understanding, and the findings of this review support this. By searching for the word "decision" -albeit a basic and relatively unambiguous phrase in management literature -in the context ethics, CSR and SSCM, a small but significant set of papers has been included from the field of business ethics. This is a wholly different academic branch from OR but reflects the arguments of Keeney (1996) and so is directly associated with DT. These papers on ethical decision-making in supply chains do not, however, explicitly mention DT. Yet there is a clear opportunity for SSCM theory building through synthesising the ethical discourse with Keeney's value-focussed decision analysis. Also, whereas the OR papers are almost exclusively normative & rational, the ethics papers are both normative and rational, and empirical and behavioural.
The earliest study discussing ethics in the context of supply chain management is Waters et al. (1986) . At this time, CSR was not recorded as an ethical duty of companies. This notion appears in Haynes and Helms (1991) and then Plank et al. (1994) , who show ethical behaviour in purchasing decisions is linked to organisational culture and overall business objectives. Organisational culture is also a key feature in Lawrence et al. (2002) , Davies and Crane (2003) , Lahdesmaki (2005) and Jiyun (2010) . Each of these papers discuss biases in the ethical decision-making behaviour, in line with behavioural decision analysis. Benefits of alignment in ethical values between firms and their suppliers, customers or other stakeholders, is seen in Isern (2006) using the Value-Driven Management approach of Pohlman and Gardiner (2000) to examine child labour in cocoa production, Svensson and Bååth (2008) on ethical orientations in automotive and Reuter et al. (2012) , on the effect of stakeholder-orientiation on supplier selection decisions.
The role of "stakeholder orientation" is a significant theme throughout these papers. Reuter et al. (2012) show that firms with a "public orientation" are less sensitive to cost as a variable in the selection decision than those that are "shareholder-oriented". Thus, a trade-off between cost and sustainability criteria in supplier selection is affected by the organisational culture. The orientation of the firm may also be directly affected by the nature of the ownership and investment status of the firm.
Businesses that centre on an ethical and/or sustainable proposition may be privately owned, and more sensitive to a value-focussed approach than a cost-sensitive alternatives focus. The values of the firm's owner may provide the overarching framework for decisions. If they are publicly listed and owned by shareholders, the ability to resist cost sensitivity may be dependent on the relationship between directors and shareholders. Tim Cook of Apple, Paul Polman of Unilever and the late Ray Anderson of InterfaceFLOR all offer examples of CEOs apparently in strong enough positions to put their values and vision ahead of short-term cost sensitivity. Isern (2006) details how cost sensitivity drives downward pressure on suppliers, and thereby prompts negative social or environmental impacts.
Although the majority of ethical papers are descriptive normative decision models include Fudge and Schlacter (1999) , on developing a culture where employees consider moral issues, and Ferrell et al. (2013) , taking a framework for ethics in marketing and adapting it to SCM. One example of "prescriptive" decision analysis is seen in Woiceshyn (2011) , although this only makes passing reference to supply chain issues.
A further, significant paper provides a prescriptive decision model specifically for SSCM, built on both empirical research and normative theory and also bridges the business ethics and the OR camps. Hirsch and Meyer (2010) examines the need for a balance between co-operation between firms in a supply chain and the risk of opportunistic/exploitative behaviour by one of the parties. Reputation and ethical values are translated into economic language using a simple decision model based on game theory and transaction cost economics. The decision is then reframed as an investment problem. This allows for behavioural uncertainty to be addressed by judging the financial situation of the other party. The role of personal characteristics is also incorporated. This echoes work on the importance of ethical value alignment discussed previously, but notes there is an absence of work in the business ethics literature using the concepts of finance and accounting.
Hirsch and Meyer's influence for this approach is from the work of Homann and related scholars (Homann, 2008) , translating economic statements into ethical statements and vice versa. This offers a new area for research considering sustainability criteria solely in terms of their ethical relevance, and hence their translation into economic rationale. Also, whereas OR researchers may seek more sophisticated modelling tools to bridge the two concepts of social sustainability and environmental sustainability, a more requisite approach may be to look to a more macro level where there is unity, namely, ethics.
Conclusion: DT as a basis for research synthesis in SSCM
This literature review has sought a systematic and interdisciplinary approach in tandem with the DT perspective of Simon (1960) and French et al. (2009) , and the specific DT approaches of Keeney and Snowden. While the OR branch is an established sub-discipline of DT, and extensively used in SSCM, the business ethics branch is underdeveloped. Yet, the potential clearly exists for further development of SSCM theory. Prescriptive DT suggests addressing the rational calculation of likely outcomes in parallel with the behavioural and ethical considerations of what the implications of such an outcome may be.
The Cynefin framework gives awareness of how structured and unstructured circumstances affect the understanding of the decision-maker. Repeatedly, we see the interplay between these two. Managers call for SSCM to be translatable into simple and manageable metric models, while also acknowledging the uncertainty inherent in a rapidly changing and complex environment. More cutting-edge models in OR push against this complexity, finding ways to factor uncertainty into the modelling process. However, the approach to decision-making in the business ethics branch highlights the role of values and organisational culture.
These values can impose order on chaos or allow emergent order from complexity. Keeney's value-focussed approach to decision-making means setting a direction that goes beyond the constraining structure of existing mindsets and need for definable attributes for structured decision models. A normative outcome is a common feature in Sustainable Development, whether global carbon emissions or universal human rights. Moving toward a prescriptive decision analysis for SSCM reveals the importance of the political context of the decision-maker/s, the role of their personal values and the organisational culture in which they work. As shown by Gattiker and Carter (2010) , leadership can be a highly significant enabler of SSCM. The extent to which a firm may demonstrate a mindset solely focussed on its own well-being, vs one that sees its well-being as linked to that of others may be a significant aspect of this. Stakeholder theory (Donaldson and Preston, 1995) provides one possible area for research synthesis alongside systems theory and sense-making, in line with the "public-orientation" of Reuter et al. (2012) .
Limitations and implications
The first limitation of the research is that SSCM defines the boundary of the set. The 1,000 papers initially reviewed contained many that were excluded for not being primarily about SSCM. This excludes papers on SCM and decision-making (Figure 2 , Section E), or sustainability and decision-making (Figure 2 , Section F). Future research could study these for deeper insight into SSCM and DT. Papers from this group that show high relevance include Robertson and Crittenden (2003) , Ojala and Hallikas (2006) , Wasieleski and Weber (2008) , Lozano and Huisingh (2011) and Webb (2012) .
Greater research into behavioural decision-making and the overlap with ethical decision-making is needed. French et al. (2009) note that recent OR practice (such as "soft OR") is more nuanced to behavioural factors in decision-making, though this appears under-represented in the SSCM OR literature here. Operations Management, in contrast, has often considered both the rational analysis of process and production with the practical and psychological issues of implementation in the work place. Hence, OM is a natural platform from which to further develop DT as a basis for theory in SSCM.
The next phase in the research is for the authors to further examine the conceptual framework shown in Figure 4 . This integrates the universal elements of rational normative DT with the contextual elements of behavioural empirical DT according to the prescriptive decision analysis approach (French et al., 2009) . Managerial sense-making at Step 1 is central, and hence linking DT with SSCM prompts an exploration of how individual decision-maker cognition and alignment with organisational culture affects strategic and operational SSCM decision-making. The opportunity for management and civil society resulting from this application of DT to SSCM is that the various contested definitions or material relevance of sustainability to business may be understood with greater clarity. Implementing change can then benefit from this understanding.
Deeper understanding of the nature of decision-making offers a clear benefit to practice. As described by Snowden and Boone (2007) , organisations and the people who work in them often have a tendency toward perceiving decisions in a certain way. Some tend to want to create bureaucratic processes, others seek careful analysis of options and a further group may dislike formal processes and stick to simple rules of thumb. All of this is highly relevant in the field of sustainability. First, because some managers may struggle with what sustainability means to them and their organisation. Competing definitions, global-scale problems, long timescales and potentially unclear paybacks can discourage managers who want simple, trustworthy advice. Second, because supplier relations may be vital for advancing corporate sustainability, the perspectives and values of other organisations have a key impact on how decisions are made and how well they are put into action. Third, the nature of policy as a driver of change, and whether a fundamentally bureaucratic process may or may not be key to meeting macro-scale environmental goals. Greater understanding of DT in relation to sustainable supply chain management, therefore, may benefit the practical delivery of sustainability objectives.
